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2020 has witnessed unprecedented situations due to coronavirus pandemic that affected all aspects of life. The whole globe 
lived months of uncertainty before two companies have announced the incredible results of phase III clinical trials for two 


different mRNA-based vaccines. 


To the Editor: 


BioNtech is a German start-up research and development 
company that has taken the initiative to develop an mRNA 
vaccine called (BNT162b2) in cooperation with a well- 
known US-based pharmaceutical company, Pfizer. 
Similarly, Moderna is a juvenile company concerned with 
pioneering pharmaceutical biotechnological products, 
namely, RNA-based therapeutics, based in Cambridge, MA, 
and they recently announced their new vaccine, mRNA- 
1273. Nine months of hard-working was enough to develop 
vaccines as a prophylactic step to protect people from being 
infected or highly affected after the infection. This may be 
one of the fastest drug development processes in history. It 
is not a coincidence that the first two vaccines that reached 
the terminal stages and have been approved by the FDA are 
utilising mRNA technology as a promising tool for the 
awaited vaccine. Both mRNAs are designed in a unique 
sequence to translate prefusion-stabilised conformation 
spike protein to stimulate the innate immune system to 
produce antibodies to be ready to invade the virus should 
infection happens. Both vaccines share the general idea and 
the main mRNA structure with some unique minor varia- 
tions. The sequence of mRNA is 4100—4300 nucleotides 
long with a 5’ cap. The sequence also includes two proline 
substitutes (2P) that cause the spike to adopt a perfusion- 
stabilised conformation to reduce membrane fusion and 
stimulate neutralising antibodies [1, 2]. Noteworthy, the 
mRNA does not include any uridine residues; however, 
they are replaced by 1-methyl-3’-pseudouridylyl [3]. 
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Typically, vaccines have one of the following forms: 
inactivated or live attenuated viruses, spike proteins or 
genetic materials (DNA or RNA) able to upregulate viral 
spike proteins when uptaken by the host’s cells. While each 
approach has its pros and cons, mRNA-based vaccines 
possess unique facets not available in the other approaches. 
The main mechanism of mRNA vaccine is illustrated in 
Fig. 1. Firstly, mRNA-based vaccines manufacturing is easy 
and reproducible due to the well-developed and validated 
laboratory techniques used to obtain mRNA with specified 
and predefined characteristics. Moreover, delivering mRNA 
can avoid many complicated steps required to produce, 
express, and purify recombinant proteins in laboratories. 
Developing protein-based drugs or vaccines should pass 
several quality-control tests, stability assays, storage con- 
dition investigation and pharmacokinetic characterisation, 
while mRNA vaccines are utilising the natural machinery 
protein production inside human cells. 

Furthermore, mRNA vaccines’ production is a cell-free 
process and entirely in vitro with chemical processing 
without the need for advanced biological methods and cell 
culture techniques as many other viruses and protein-based 
vaccines need. Besides, mRNA has a very short half-life; 
this facilitates their elimination from the body after doing 
their work; thus, preventing any interaction with the packed 
human genetic materials [4]. In comparison to DNA vac- 
cines, there is no need for mRNA to reach the nucleus of 
cells; it works efficiently once released inside the cytosol of 
cells. Therefore, DNA vaccines need external stimuli, e.g., 
electroporation, to facilitate DNA penetration and inter- 
nalisation into the nucleus to incorporate with the host’s 
cells. Finally, SAR-COV2 vaccines will be taken by billions 
of people from different races all over the world; this means 
we should look for the least allergic reaction inducing 
options. Although viral vectors are considered relatively 
safe, there are still some precautions and concerns around 
them, especially after 1999 when a 20-year-old man died 
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Fig. 1 Illustration of the 
mechanism of action of mRNA 
vaccines and immune system 
response. Both mRNA vaccines 
are administered intramuscularly. A 
Following the injection, lipid 
nanoparticles approach the cells 
and release mRNA inside the 
cytoplasmic space to encode a 
full-length mutated SARS-CoV-2 
spike glycoprotein to be present at ec. 
the out surface of the cells. The 
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recognizes the spike protein and A few days after the iig 
identifies it as a foreign body. second jab x 
Thus, antibodies are generated to x x x 


fight the protein. Copies of the 
generated antibodies will be 
stored in the body to fight any 
potential COVID-19 infection in 
the future. Both vaccines are 
being given in two different jabs 
three to four weeks apart. 


due to an allergic reaction to the vehicle (inactive carrier) 
during a gene therapy clinical study in Pennsylvania [5]. 
Therefore, avoiding using viruses as carriers for vaccines or 
vaccines themselves may be a safer option; especially, with 
a wide range and a massive number of patients expecting to 
take the vaccine. Nevertheless, this type of reactions may 
happen with any carriers or any approach of vaccines. 
Despite the above-mentioned advantages of mRNA- 
based vaccines, the delivery of mRNA, like many other 
biomacromolecules, is challenging and may not be attained 
without encasing them into vehicles. Pharmacokinetics, 
biodistribution, stability, cellular uptake, and targeting of 
naked mRNA after parenteral administration are crucial due 
to mRNA’s short half-life [6]. Therefore, in BioNtech- 
Pfizer and Moderna vaccines, lipid nanoparticles are uti- 
lised to carry mRNA, protect them during the manu- 
facturing and transportation processes, and enhance their 
stability in vivo, biodistribution and targeting. Nanocarriers 
are emergent promising drug delivery approaches that drew 
the attention of scientific communities in the previous 
decades. Several forms of nanocarriers and biomaterials 
were able to successfully deliver a wide range of drugs 
through various routes of administration [7—10]. Lipid 
nanoparticles are 100-200 ng miniaturised drug delivery 
systems, e.g., lipids micelles and liposomes. Fortunately, 
several liposomal products are FDA-approved to be mar- 
keted in different countries worldwide, such as AmBisome” 
and Doxil’ for the delivery of Amphotericin B and Dox- 
orubicin, respectively [11]. PEGylated liposomes are the 
used vehicles in both mRNA vaccines. Liposomes are 
nanocarriers comprised of a bilayer of phospholipids and 
cholesterol, which mimics animal cells’ membrane and 
facilitate their fusion or penetration into cells to release their 
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loaded mRNA. Many other materials have been used to 
deliver macromolecules, e.g., exosomes, polymers, and 
carbon derivatives. However, liposomes possess advantages 
over other nanocarriers for biodegradability, biocompat- 
ibility, cell membrane-like nature, ability to confine 
hydrophilic and hydrophobic drugs, and positive charge to 
maintain their encapsulation of negatively charged mRNA 
and consequently enhance their transfection into cells 
[12, 13]. Once mRNA is free inside cells cytoplasm space, 
mRNA’s translation process into SARS-COV2 spike pro- 
tein stimulates innate immunity to produce neutralising 
antibodies against the produced protein. 

Several hypotheses were suggested to explain the way of 
liposome-cells interaction and the factors affecting the 
interaction. The most popular interaction mechanisms are 
adsorption, endocytosis, lipid/protein exchange, and fusion 
[14]. Adsorption usually happens due to the charge dif- 
ference, which is not the case here as the net charge of 
vaccine particles is not strong enough to form adsorption 
due to the different charge of mRNA and lipid into the 
same vesicle. Therefore, if adsorption does not lead to 
fusion or uptake, it will not be strong enough to form 
genetic materials exchange. Similarly, lipid or protein 
exchange probability is not high as it occurs when lipo- 
somes contain proteins that facilitate lipid exchange with 
lipoprotein included into the cell membrane [15]. Although 
the probability of adsorption is not high, adding PEG as a 
ligand to the membrane of liposomes facilitates the endo- 
cytosis and cellular uptake of the vaccine particles [14, 16]. 
Fusion is facilitated by the inclusion of phosphatidylcho- 
line, which is available in both vaccines in the form of 
DSPC; however, we do not expect that the main mechan- 
ism of unloading the gene is fusion since it is a very slow 
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process and may take days which much longer than the 
half-life of mRNA [17]. In conclusion, we overweigh that 
the main mechanism of interaction with cells is endocytosis 
or so-called vesicular uptake. 

Albeit the two vaccines utilise the same technology by 
upregulating the spike protein and stimulating the natural 
immunity against it, they are not identical. They do not 
possess the same potency, physicochemical characteristics, 
and storage conditions. One shot of Moderna’s vaccine 
contains 100 ug of mRNA, while 30 ug of mRNA in the 
BioNtech-Pfizer vaccine is enough to protect and induce a 
prophylactic action as efficient as 100 ug Moderna can do. 
The big difference in dose is questionable, and there is no 
definite explanation for it. The big difference in dose may 
be owed to the liposomal formulations or the nature of 
mRNA itself. 

Changing the amount of lipids, the type of lipids, 
cholesterol: lipid ratio or more than one factor may sig- 
nificantly affect the transfection efficiency or the vac- 
cine’s pharmacokinetic properties, thus changing the 
required dose. Therefore, the inactive ingredients forming 
the vehicle may be the main reason behind the dose dif- 
ference if other factors have no effects. Alternatively, the 
nature of mRNA, its exact sequence, purity, and sequen- 
cing method may play a crucial role in determining 
mRNA’s potency. In our opinion, we overweight that 
mRNA has a major impact on determining the dose of the 
vaccine and made Pfizer-BioNtech vaccine more effective 
at smaller doses. The big difference in dose was not a 
result of changing the lipid ingredients. Noteworthy, the 
vaccine that contains 100 ug should be stored at —20 °C, 
while the vaccine with only 30ug mRNA should be 
strictly kept at —70°C. None of the Pfizer-BioNtech 
vaccine lipid components needs to be stored at a tem- 
perature lower than —20°C; hence, the extremely cold 
temperature (—70 °C) is required to stabilise mRNA rather 
than the liposomal formulation. As mRNA in BNT162b2 
needs to be stored at ultra-cold temperature while mRNA 
in the counterpart vaccine remains stable for a very long 
time at the household freezers. It means tiny changes in 
the nucleic acid sequence led to the change in storage 
conditions and, accordingly, potency. Despite the 
sophistications accompanying Pfizer-BioNtech storage, it 
has, therefore, more advantages as the lower dose will 
enable the manufacturer to produce massive amounts of 
vaccine within a shorter time. 

Having said that, both mRNA-based vaccines represent a 
unique case that is considered one of the most advanced and 
promising achievements in the field of pharmaceutical 
biotechnology and biopharmaceutical formulations. More 
than three decades of research effort on developing 
gene therapy solutions for many diseases could not convey 
many healthcare policymakers, pharmaceutical companies, 
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funding agencies, medicine agencies, and drug administra- 
tions to adopt gene therapy avenues as highly potential 
approaches to transfer the therapeutic strategies into a new 
era. However, these mRNA vaccines, which have been 
developed and approved within a few months, signify a 
breakthrough in the field of gene therapy, which has battled 
to achieve ordinary acknowledgement due to a large num- 
ber of sceptical and conservative scientists and other 
claimed safety and translational concerns. Although these 
two vaccines are not the first approved drugs utilising 
genetic materials as active ingredients, they are believed to 
be a milestone in modern medical history that may forever 
change pharmaceutical approaches. 

Normally, viruses mutate frequently into several variants. 
However, the new coronavirus has lasted for a whole year 
without mutating into any mutations that significantly 
affected the virus’s properties. Recently, several variants 
were detected; amongst them, three variants were the most 
popular, the UK, South Africa, and Brazil. These variants 
concern the whole scientific community and health care 
services due to significant changes in their spike gene. The 
variants’ changes may affect the virus’s external properties 
and affect its response to the developed vaccines. Therefore, 
developing vaccines that can adapt or work against a wide 
range of variants may overcome the challenges of spreading 
variants. Since alarming the risk of the variants is highly 
contagious and may be more dangerous than the original 
virus, scientists, pharmaceutical companies, governments, 
and drug regulators worldwide commenced the assessment 
of the existing vaccines against these variants. 

A study conducted at Washington University School of 
Medicine suggests that the Pfizer-BioNtech vaccine is 
effective against the B.1.1.7 (UK) variant at the same dose 
we normally use. However, the other two variants need 
3.5-10 folds of antibodies to be neutralised; this means the 
available dose is not highly effective against them, 
according to their study [18]. Another critical evaluation of 
the effectiveness of BNT162b2 against the variants suggests 
that the vaccine is effective against all variants except South 
African’s one [19]. Similarly, the effect of the mRNA-1273 
vaccine against the emerging variants is controversial. A 
correspondence published last February in the New England 
Journal of Medicine suggests that Moderna Vaccine is 
highly effective against the UK variants. However, the same 
study concludes that a significant reduction (2.3-6.4) in 
titers of neutralising antibodies against other variants was 
observed [20]. To overcome the risk associated with the 
South African variant, both Moderna and Pfizer-BioNtach 
have commenced developing booster shots of their vaccines 
to be given annually to the population to reduce the hos- 
pitalisation and death rate. Unlike other vaccines, mRNA 
vaccines are flexible and adaptable; they can be modified to 
suit different emergent variants in a very short time with 
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minimum effort. The lipid carriers can be used for the 
coming vaccines with changes in the mRNA sequence only. 
mRNA sequencing is not a complicated process and can be 
performed within weeks, according to Ugur Shahin, the 
CEO and co-founder of BioNtech. 

With the mass campaign of vaccine rollout worldwide, 
many countries and research centres carried out real-world 
studies on both vaccines. These studies aim to confirm, 
clarify and assure the provided results by the originators, 
and investigate further parameters, such as hospitalisation 
rate reduction and the protection of seniors. Also, these 
studies have faced a current of sceptical scientific commu- 
nities and those who believe in the theory of conspiracy. 
The real-world studies are observational that can enable the 
science community to understand and watch the actual 
effect of the vaccine without any conflict of interest. An 
uncontrolled study was conducted in Israel on more than 
500 K people who received the BNT162b2 mRNA vaccine 
compared to those who have not received any jab of 
the vaccine. The study suggests that the second dose of the 
vaccine protected more than 90% of people from either 
being infected or having asymptomatic COVID-19 than 
around 50% of those who received only one dose. Also, the 
hospitalisation rate and severe diseases raised by the 
infection were dropped after the second dose by 87% and 
92 %, respectively. Death prevention is estimated to be 72% 
2-3 weeks after the vaccine’s first dose. The effectiveness 
of the vaccine in specific subpopulation in protecting the 
community from being infected or suffering from sympto- 
matic disease was consistent across age groups [21]. Simi- 
larly, another real-world performed in the UK confirmed 
that the effectiveness of the Pfizer-BioNtech vaccine was 
90% or more in elderly people with >80 years old. 
According to the same study, the first jab of the vaccine 
reduced the risk of hospital admission by 85% after 28 days. 
The effect of the Pfizer-BioNtech vaccine on mortality 
rate was also investigated, and it estimated that a single dose 
of the vaccine reduced the probability of death due to 
COVID-19 by 85% [22]. 

In addition to the BNT162b2 vaccine, the real-world 
studies also investigated the effectiveness of the Moderna 
vaccine. In the USA, a study was conducted to assess the 
protecting role of both mRNA vaccines, BNT162b2 and 
mRNA-1273, in the American community under conditions 
other than the randomised phase III clinical trials by the 
manufacturers. The obtained results are consistent with 
results provided by the vaccines’ developers. The study 
demonstrated that both vaccines are highly protectant for 
people with high-risk factors of being infected of develop- 
ing severe diseases as a result of COVID-19. These results 
were obtained comparing vaccinated individuals with at 
least one dose with their unvaccinated counterparts [23]. 
Interestingly, a non-peer-reviewed study was released on 
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the 31st. of March 2021, demonstrating the safety and 
efficacy of BNT162b2 in children between 12 and 16 years 
old in the US. The study concludes that the vaccine is 
entirely safe and 100% effective in the adolescent subgroup; 
no infection was reported among those who received two 
jabs of vaccines compared to those who received placebo. 
Since children form a significant part of any community, 
they play a crucial role in disease transmission. Therefore, 
Pfizer and BioNtech will submit an Emergency Use 
Authorisation request to the FDA to approve the use of 
the vaccine in school pupils soon to facilitate and speed up 
the process of going back to normal [24]. 

This unprecedented achievement will also stress the 
crucial solutions that gene therapy may provide for many 
diseases. In the coming future, we expect to see a con- 
siderable effort for developing mRNA-based treatments for 
a wide range of diseases, e.g., hereditary disorders, type 1 
Diabetes Mellitus, cancer, and HIV. Many other mRNA 
vaccines may also turn into reality for preventing infectious 
diseases and epidemics for being scalable, reproducible, 
versatile, and adaptable with different viruses’ variants. 
mRNA vaccines provide flexibility to be modified if any 
new virus variants may appear; thus, producing new forms 
of the vaccine within a few weeks. This is a great oppor- 
tunity for the FDA and EMA to revise the drug 
development pipeline to make it more flexible and less 
time-consuming. 
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